Abstract -An on-line vision inspection sensor system for the automation of laser welding processes in heavy industries is presented. A method of image process and features extraction for structured light image of laser welding KDV been developed. In order to set the range of interest, the Radon Transform is applied to determine the x and y coordinate in image coordinate system. For image de-noising, the median filtering and bi-level thresholding are used. Furthermore, the middle line of the laser stripe is extracted. Finally, a five step search method is carried out to examine the bead width. A series of experiments show that the proposed method in this paper is effective, and its detection precision is much better than traditional methods.
I. INTRODUCTION
Tailor-welded blanks (TWBs) offer many advantages to the automotive industry, including the consolidation of parts and the reduction in material wastage and weight. They are comprised of sheet metals with either different mechanical properties or gauge thicknesses, which are butt-welded together prior to forming. In this way, the mechanical properties of the part can be locally tailored to the application. Historically, the use of TWBs was confined to only a few selected automobiles manufacturers such as Volvo, Toyota, Nissan, and luxury North American vehicles such as Cadillac. Today, Mercedes, Volkswagen, and BMW have tailor-welded blanks door inners with multiple welds. GM, DaimlerChrysler, and Toyota are leaders in body side aperture tailor-welded blanks. There are a number of factors behind rapid increase in TWB usage, the predominant ones being the consolidation of parts, the increased manufacturing tolerances, and the lowering of vehicle emissions through reduced vehicle weight [1] . Shenyang Institute of Automation in Chinese Academy of Science has developed a new automatic laser welding line for tailor-welded blanks in 2006 and its layout as shown in Fig.1 . A NZ YAG laser is used on the line and the maximal welding speed is 10 meters per minute.
The dominant welding technology was confirmed to be shifting more toward laser from resistance mash seam, with a significant focus on YAG laser because of its overall operating robustness and flexibility for non-linear requirements. Applications are also becoming more complex with longer weld lines, as on door inner and body side aperture panels, steels that are more difficult to weld, and non-linear weld seams. Quality has become a major issue in modern industry. This trend has forced the manufacturing industry to put an emphasis on quality control to meet more and more demanding quality standards. The laser welding is faced with the same challenge. Automation of the welding process has helped achieve more consistent quality and better productivity, but up until now, the inspection of welds and parts has remained a tedious task often leading to inconsistent results. To cope with this increasing problem, Many techniques of seam tracking and joint or weld recognition based on Yision sensors have been suggested and developed [2, 3, 4] .However, most techniques mainly focus on the seaming tracking and weld pool detection. Few study about a surface inspection of weld defects based on vision are reported in detail. This paper deals with a surface inspection method of weld mismatch and the bead width based on active lasertriangulation. Experiment results illustrated the method is feasible.
The organization of the paper is as follows: In section II, a welding quality inspection system used on the automatic laser welding line is introduced in detail, include in its structure, basic principle of this system and its Schematic diagram. In section III, image pre-processing is proposed, include in: setting the range of interest based on the Radon Transform, median filtering and bi-level thresholding. In section IV, the algorithms of the middle line of the laser stripe and calculating bead width are proposed. Section V and Section VI summarize experimental Results and discusses conclusion respectively. Vision sensors are one of the most powerful forms of non-contact sensory feedback for monitoring and control of processes in laser welding. With the rapid growth of the computer vision and image process, more and more accurate information can be obtained from the weld pool by a visual sensor. The inspection system used on the automatic laser welding line for tailor-welded blanks are based on active lasertriangulation. The typical principle [5] is shown in figure 2 .
II. THE QUALITY
This system consists of four parts: optic apparatus, two circuit boards, mechanic apparatus and a computer that controls the whole system (see figure 3 ). The optic apparatus includes a Complementary Metal-Oxide-Semiconductor (CMOS) camera, lens, a filter and a laser projector. The laser projector emits a laser stripe on the weld. On the lateral side of it, there located a CMOS camera, which detects the laser stripe. The control unit consists of a DSP board and a control board. The control board is controls the working state of the mechanic apparatus. The DSP board is an image process board which processes image data from CMOS camera. The control unit extr acts th e weld bead pr ofile, computes it's geometric features, sends the measured values to a powerful PC, which analyses the results and outputs the inspection result. The mechanic apparatus has an arm on which the optic apparatus is fixed. The arm is driven by an electrical motor to move along the weld. This can acquire the range data of the whole weld (length: about 1.6 m). 
III IMAGE PRE-PROCESSING
A 100mw, red diode laser emitter projects visible laser radiation (650nm) on the welding seam to form a stripe. The gray image is obtained by use of the CMOS camera to capture it. Its size is 576ͪ768 pixels. Fig.4 is the original image of the weld captured by the CMOS camera. It is shown that structure light image is greatly affected by strong arc light, smog and splash in the process of welding. Not only the structure light image of welding seam is rough, but also its background is noisy. These give rise to difficulty, error and even failure of the processing of the welding seam image. Intelligent recognition algorithm, discussed in [6] and [7] , effectively eliminates these effects, such as using fuzzy algorithm to recognize weld seam, effectively avoiding the noise effect. Besides above algorithms, it is an effective way for the prime gray image to pre-process. The image pre-processing includes Setting the range of interest, Median filtering and Bi-level thresholding.
Setting the range of interest (ROI)
An original gray image captured by the CMOS camera is a 576ͪ768( pixels) ͪ8 (bit) matrix. It is obviously that great many data must be process while the weld is being made. In order to increase the inspection speed, setting the range of interest is necessary. The Radon Transform method is proposed in this paper. The laser stripe is along the perpendicular direction of the image. The bright pixels caused by laser stripe only occur in a limited number of rows. The 'o search from the initial point on the curve of gray distribution until the maximum 1 and the maximum 2 are found in the Fig 5. The X-range of interest area on the image is confirmed according to the maximum 1 and the maximum 2 coordinates of pixels recorded along the horizontal direction.
Where, Xmax1, Xmax2 are respectively x coordinates when y are maximum 1 and the maximum 2. T is the reserved edge rows. The image of the laser stripe in the range of interest is given in the Fig 9. 
Median filtering
The median filtering is the best known order-statistics filter. It is necessary because of the strong noise in molten pool images. The main advantages of median filtering are that it is simple in calculating that result in higher efficiency, and it has good performances in filtering white noise and long trail noise. The median filter can also keep the detail information such as edge pieces and sharp angles. In median filtering the input pixel is replaced by the median of the pixels contained in the neighborhood [8] . Symbolically this can be represented as:
() Where W is suitably chosen neighborhood. The algorithm for median filtering requires arranging the pixel gray values in the neighborhood in increasing or decreasing order and picking up the value at the center of the array. Generally the size of the neighborhood is chosen as odd number so that a well-defined center value exists. If, however, the size of the neighborhood is even the median is taken as the arithmetic mean of the two values at the center. Where the size of the neighborhood is ˌhˌ. The result of median filtering is shown in Figure 10 . 
Bi-level thresholding
Bi-level thresholding is to convert a common image into a binary image so that objects can be conveniently separated from the background. During the process it is necessary to set a threshold. Based on the characteristics of the laser stripe image, bi-level thresholding is employed on images which have bimodal histograms because of the apparent hollow, which could be thought of as a threshold between peaks in the histogram. In bi-level thresholding, the object and background form two different groups with distinct gray levels. The shape of the histogram (shown in figure 11 ) are bimodal with peaks corresponding to the object and background regions and a valley in between. The valley point is usually chosen as the threshold. In bimodal thresholding, all gray values greater than threshold R are assigned the object label and all other gray values are assigned the background label, thus separating the object pixels from the background pixels. Such a binary image.is shown in figure 12 . Where the threshold, R, is 105. The pixels whose grey value are greater than R are defined as the stripe pixels. 
Č. )EATURES (XTRACTION
As only the position and not the intensity of the light stripe is of interest this position is calculated in the profile extraction unit resulting in a height profile vector that is the basis for further computing. Accuracy and reliability are significantly can be seen as the mid-line of the laser stripe. A lot of algorithms such as row based maximum search [9] , threshold methods [10] , centre of gravity, correlation techniques [11] , usage of the first derivative and many more have been suggested for this task. To thin the binary image of laser stripe, the average location between the left edge and the right one, which is detected from the binary image, is regarded as the middle line of the laser stripe. The equation (5) gives the principle of row based profile extraction that transforms the CCD-camera frame matrix into the height profile vector. where, C i is the y coordinate of the i th point on the" midline " and y li , y ri are respectively the y coordinate of the i th left , the i th right edge points of the white stripe in the bimodal image Fig.13 shows the profile of the laser stripe.
In this study, in order to calculate the mismatch size and the bead width of the weld for the butt joint, X max1 , X max2 in the equation (2) M x x = − (6) A algorithm to calculate bead width of the weld is described as follows.
1) Give a predefined threshold of the distance between the point on the profile line and the X max1 (X max2 ): 
čʳ˘˫ˣ˘˥˜ˠ˘ˡ˧˔˟ʳ˥˘˦˨˟˧˦ʳ In this study, the predefined threshold is 3 pixels. The result of X righ , X left are respectively 196,105 (respectively 305 and 396 in the original image). 
The mismatch is 97 pixels and the bead width is 91 pixels in the image coordinate system. Fig.l4 shows the result of the bead width, the mismatch and the profile in the image coordinate system. It also shows the result used second derivative test method [12, 13] .The new algorithm is better than the second derivative test method especially in effectiveness and avoiding the noise effect.
It takes about 8 milliseconds to execute one times of image processing and features extraction, on a PC with 3.00GHz clock rate. y(x) dy/dx dy2/dx2 Fig.l4 The result of the bead width, the mismatch and the profile After calibrating the relationship between image coordinate system and world coordinate system, the real value of mismatch and bead width in the world coordinate system can be attained according to the value of them in the image coordinate system Fig 15 shows a inspection result of the mismatch defect about the TWBs used the method proposed in this paper. V. CONCLUSIONS This paper has described a new type of weld inspection system which is based on the active triangulation principle. The following conclusions can be drawn from this research .
1) The inspection system and its principle used on the automatic laser welding line for tailor-welded blanks are introduced.
2) The problem of mismatch and the bead width size inspection can be solved using the proposed vision technique, image process, and The Radon Transform method.
3) Quality inspection on-line of laser weld can be realized, because the difficulties in parameter determination due to profile extraction, mismatch size and bead width can be solved. A series of experiments show that the proposed method in this paper is effective.
4) Other defects such as porosity, concavity, undercut and convexity will be detected based the profile in the further study.
